195 F-SPONDIN ENHANCES MINERALIZATION DURING CHONDROCYTE TERMINAL DIFFERENTIATION AND INHIBITS TIBIAL GROWTH EX VIVO  by Palmer, G. et al.
Poster Presentations – Cartilage/Chondrocyte Biology S95
potent inducer of type II collagen synthesis in chondrocytes, but we have
found that if the tubulin networks are disrupted, TGFb1-induced collagen
mRNA and protein synthesis is prevented. However, expression levels
of TGFb1 and TGFb1-receptor mRNA are signiﬁcantly elevated in these
cells. Our preliminary studies suggest the involvement of both the MAPK
family (enhanced phosphorylation of both p38 and ERK1/2) and SMAD
family members, but studies are ongoing to elucidate the mechanism(s)
involved.
Conclusions: We have shown that modulation of the cytoskeletal tubulin
elements dramatically affects chondrocyte biosynthesis. We are cur-
rently characterising the mechanism(s) involved in these matrix changes.
Clearly there is a strong link between the correct assembly/turnover of
the microtubule network and tissue homeostasis. These studies will aid
in elucidating the role of the chondrocyte cytoskeleton in signal trans-
duction and provide an insight into how abnormal distribution/amounts of
cytoskeletal proteins may contribute to pathologies such as osteoarthritis.
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Purpose: We have previously shown that F-spondin, a thrombospondin-
related extracellular matrix protein, is expressed in embryonic growth
plate cartilage and localizes to hypertrophic and mineralizing chondro-
cytes undergoing ossiﬁcation. In this study, we investigate the role of
F-spondin in endochondral ossiﬁcation by examining its effects on chon-
drocyte terminal differentiation and limb formation, ex vivo.
Methods: Tibial organ cultures: To assess the effect of F-spondin on tibial
growth, embryonic mouse tibia (day 15.5) were harvested and cultured
for 1 week in DMEM + 10% FBS supplemented with either recombinant
F-spondin (0.5mg/ml), a TSR-domain speciﬁc F-spondin antibody (R1),
or media only. Longitudinal length was measured daily, up to 1 week, and
limbs were stained for mineral and cartilage with alizarin red and alcian
blue respectively. In vitro chondrocyte differentiation: chondrocytes were
isolated from the cephalic portion of 14-day old embryonic chick sterna
and transfected with F-spondin cDNA using GenePorter transfection
reagent (Genlantis, San Diego, CA). The following day, cultures were
treated with 100 nM retinoic acid (RA) to induce terminal differentiation.
Differentiation was assessed by measuring alkaline phosphatase enzyme
activity (AP) after 5 days, and evaluating mineral deposition by Von Kossa
staining after 7 days.
Results: F-spondin treatment decreased longitudinal growth of tibia in or-
gan culture by ~8% compared to untreated controls. Similarly, F-spondin
inhibition, by antibody treatment, increased limb length by approximately
the same magnitude. Upon histological examination, all treatment groups
contained a central mineralized area identiﬁed by alizarin red staining,
however, within the F-spondin treated group this region extended toward
the epiphyseal regions, but remained cartilaginous (alcian blue positive)
within untreated controls. Based on these observations, we investigated
whether F-spondin regulates chondrocyte mineralization using an in vitro
model for chondrocyte terminal differentiation. Exposure of chick chon-
drocytes to RA (100 nM) induced AP activity and mineral deposition,
indicated by Von Kossa staining. Overexpression of F-spondin cDNA
augmented both RA-mediated induction of AP activity (4-fold; p< 0.05)
and mineral deposition compared to mock transfected cells. To determine
whether avb3 integrin is required for this promineralizing effect, we
measured AP activity in the presence of LM609, a blocking antibody
to avb3. In the presence of RA only, LM609 did not affect AP activity,
however F-spondin-mediated AP induction was decreased 40% (p< 0.05)
compared to control, indicating that this effect is mediated, in part, via
interaction with avb3 integrin.
Conclusions: F-spondin decreases tibial growth in organ culture and
enhances chondrocyte mineralization in vitro. We propose that, via
interaction with avb3 integrin, F-spondin regulates limb formation by
controlling chondrocyte mineralization within the growth plate.
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Purpose: Site-1 protease (S1P) plays an essential role in the regulated
processing of ER membrane-bound transcription factors SREBPs and
ATF6 to their free and active form. SREBPs are involved in cholesterol and
fatty acid homeostasis; ATF6 is involved in endoplasmic reticulum stress
signaling (ERSS). Cartilage-speciﬁc knockout of S1P in mice (S1Pcko)
results in poor cartilage with a drastic decrease of collagen type IIB (Col
IIB) in the matrix and consequent complete lack of endochondral bone for-
mation. Most of the Col IIB appears trapped inside the cell. Ultrastructural
analysis of the cartilage shows engorged and fragmented endoplasmic
reticulum (ER) characteristic of ER stress. The ER is important for protein
synthesis and folding. Maintenance of ER integrity and a cell’s ability to
respond to ER stress is important to its function. S1Pcko mice would be
expected to lack both active SREBPs and ATF6. The goal of this study is
to identify and analyze pathways related to ER stress and ERSS affected
by the absence of S1P in S1Pcko cartilage.
Methods: RNA was extracted from the cartilage of E16.5 S1Pcko and
wild type littermates followed by genome-wide expression proﬁling using
Illumina MouseWG-6 v2 Expression BeadChip which proﬁles 46,643
mouse transcripts. Statistically signiﬁcant differential gene expression
was analyzed using Partek Genomics Suite’s 2-way ANOVA analysis.
Ingenuity Pathway Analysis v6 was used to identify signiﬁcantly affected
biological pathways. The RNA was also used for RT-PCR conﬁrmation
of expression proﬁling. In situ hybridization and RT-PCR analysis was
performed for analyzing genes in ER stress signaling pathways.
Results: In adult mammalian cells, ER stress signaling involves coordi-
nating responses from three ER proteins, PERK, IRE1 and ATF6. PERK is
involved in the attenuation of translation which results in increased ATF4
activity in response to ER stress. Expression proﬁling shows that ATF4
is signiﬁcantly up-regulated in S1Pcko cartilage compared to wild type
indicating that the PERK pathway is intact. RT-PCR analysis of XBP1
splicing governed by IRE1 in response to ER stress is also normal in
S1Pcko cartilage. In addition, genome-wide expression proﬁling suggests
that ATF6 may be poorly expressed in embryonic mouse cartilage and
thus it may not play a role. These data suggest that in general ERSS
may function normally in S1Pcko cartilage. Expression proﬁling followed
by Ingenuity Pathway Analysis of statistically signiﬁcant differentially ex-
pressed genes demonstrate that pathways leading to lipid and cholesterol
synthesis which play a role in ER membrane integrity is down-regulated
in S1Pcko cartilage. This was further conﬁrmed for several genes by RT-
PCR analysis.
Conclusions: The ER is the site of fatty acid and cholesterol synthesis
and correct composition of fatty acids and sterols would be essential to
maintain ER membrane integrity and therefore its function. A chondrocyte
is a secretory cell and the ER its essential secretory apparatus and
therefore maintaining ER lipid composition would be critical. In S1Pcko
mice, ER stress signaling appears to function normally. However, the
down-regulation of fatty acid and cholesterol synthesis in S1Pcko mice
may lead to poor ER membrane integrity and therefore ER fragmentation
and engorgement presumably due to an inability to secrete Col IIB and
therefore ER stress. These data suggest that in embryonic cartilage S1P
is primarily involved in maintaining ER membrane integrity by upholding
lipid homeostasis and preventing ER stress. This study provides a link to
the importance of lipids in cartilage and bone development and should
be useful in cartilage diseases and tissue engineering.
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Purpose: Proinﬂammatory mediators, mechanical load as well as hypoxia
are known to be involved in the pathogenesis of osteoarthritis. All these
factors are important in the regulation of articular chondrocyte behaviour
during cartilage homeostasis and osteoarthritis. The aim of this work was
